A scope of work was developed in response to a request by the U. S. Army Corps of Engineers, Philadelphia District. The request was to perform a topographic change grid analysis for the Frankford 7.5-minute quadrangle, 1:24,000-scale topographic map, which includes the Wissinoming neighborhood, and the Germantown 7.5-minute quadrangle, which includes the Logan and Feltonville neighborhoods of the City of Philadelphia. The following tasks were performed under this scope of work:
INTRODUCTION
The U.S. Geological Survey (USGS), working in cooperation with the U. S. Army Corps of Engineers (ACOE), Philadelphia District, has conducted a study of topographic change throughout the Frankford and Germantown 7.5 minute USGS quadrangles, Philadelphia and Montgomery Counties, Pennsylvania and Burlington County, New Jersey. The purpose of this study is to determine the spatial extent of humaninduced topographic change during the past 100 years. The USGS has conducted this study in response to severe structural damage and subsequent condemnation of houses within the Philadelphia city limits, due to differential subsidence of fill material within buried stream valleys.
Study Area
The topographic change mapping study encompasses the Frankford, Pennsylvania and New Jersey 7.5 minute quadrangle and the Germantown, Pennsylvania 7.5 minute quadrangle. These quadrangles cover approximately 114 square miles(296 square kilometers) of the northern part of the City of Philadelphia (Philadelphia County), the southeastern portion of Montgomery County and the northeastern portion of Burlington County, New Jersey (Figure 1 ).
Background
There have been at least five separate incidents of a house or houses suffering structural damage and requiring condemnation in Philadelphia since 1931. During this time several people have been killed and more than 1,000 houses have had to be demolished. The most recent occurrence involved twenty five houses in the Wissinoming neighborhood of east-central Philadelphia.
It has been reported that the cause of the problem was and continues to be subsidence over stream valleys that have been improperly filled with coal ash and cinders (Philadelphia Inquirer, July 11, 1999) . Historically, many tributary streams that flowed into the Delaware River were lined with storm sewers and the valleys were filled in with a variety of material, including the residue of the coal furnaces. Compaction of these materials and piping is a possible cause of the subsidence and ground failure.
This study involves a digital comparison of modern and historic spatial data collected from the USGS and the City of Philadelphia between 1888 and 1997. A geographic information system (GIS) was used to perform a grid analysis of topographic data from 1889 and 1997. Comparison of the two grids in conjunction with hydrographic and geologic data provides information on topographic and drainage modification in approximately 100 years of urban development. The results of this analysis are presented in a map depicting the spatial distribution of areas characterized as possible or probable fill. Topographic change analysis to identify possible fill zones is composed of three primary steps. First, underlying geologic controls of the study area are considered. Second is a GIS comparison of a historic and current digital elevation model data. Third, the historic and current hydrography are modeled and included into the topographic change map. Each one of these factors is incorporated into the analysis, which is presented in the final map.
PHILADELPHIA COUNTY 
GEOLOGY
Philadelphia straddles two physiographic provinces, each with a distinct suite of rocks: the Atlantic Coastal Plain and the Piedmont. The Coastal Plain is a flatlying area that is separated from the rolling topography of the Piedmont by the Fall Line. The Piedmont upland is traversed by many deep narrow stream valleys, many of which have been filled in since the turn of the century with old coal cinder and ash. Most of these valleys have eroded through the Coastal Plain sediments and exposed the underlying rocks of the Wissahickon Formation. Based on topographic maps published in 1899, prior to being filled in, these valleys averaged about 1,000 feet wide and ranged from depths as much as 60 feet in the Coastal Plain to more than 120 feet in the Piedmont.
The Coastal Plain comprises unconsolidated sediment deposits of Tertiary and Cretaceous age. These rocks dip gently to the southeast and thicken towards the Atlantic Ocean, exceeding 2,000 feet near the coast, but thin to a feather edge near the Fall Line in Philadelphia. They thicken to approximately 250 feet along the Delaware River in the map area. These sediments unconformably overlie much older, very complexly deformed rocks of the Piedmont province.
The Piedmont is divided into two parts, the Trenton Prong in the north and the Southern Piedmont ( Figure  2) ; the boundary between the two parts is the Huntingdon Valley fault. The geology of the area has been mapped in various degrees of detail by Bascom and others (1909) , U.S. Geological Survey (1967a), Berg and others (1980) , Berg and Dodge (1981), and Lyttle and Epstein (1987) . These sources were used in the compilation of Plate 1, a Geologic map of the study area. Additional sources of information are listed in the "References" at the end of this report. Stratigraphic terminology has varied considerably among the several mappers in the Philadelphia area. Table 1 compares the various nomenclatures and the terminology used in this report.
Engineering characteristics of both Piedmont bedrock and Coastal Plain sediments, as well as cross sections across the Delaware River in the Philadelphia area showing surficial materials overlying bedrock are presented in U.S. Geological Survey reports on the engineering geology of the northeast corridor (1967a,b).
The creeks in the Philadelphia area generally flow to the southeast towards the Delaware River. This direction is controlled by the original southeastward dip of the coastal plain sediments. The creek valleys, however, are not straight; they have meanders with nearly right-angle bends. The directions that the creeks flow are controlled by the orientation of major fractures as shown by Goodwin (1963) . 
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TOPOGRAPHIC CHANGE ANALYSIS
Recent advancement in mapping technology have enabled many researchers to use GIS as a tool for mapping topographic change. The Airborne Topographic Mapper (ATM), a scanning LIDAR altimeter combined with a kinematic Global Positioning System (GPS), is capable of producing a high-resolution digital elevation model (DEM) with a horizontal cell size less than a meter. A GIS comparison of high resolution DEM's of a particular area can provide highly accurate horizontal and vertical topographic change information. This method of remote sensing has proven powerful when mapping features susceptible to constant change such as beaches and sand dunes (Irish and Lillycrop, 1999) , and glacial surfaces and sea ice (Krabill and others, 1999) . Little work has been done in urban areas to determine topographic change with the ATM due to the complications associated with buildings and urban land cover.
Changes in topography that occur over a long period of time, or prior to the availability of remote sensing platforms, have been determined through qualitative and quantitative interpretations of historic topographic maps. Hodgson and Alexander (1990, p 110.) explained that "historic depiction of topography may in some cases reveal significant geomorphic or human- caused modification". They also assert that new GIS methods need to be developed in inventory or change detection studies to account for the positional and attribute compatibility of these historic data sets.
Past studies have identified errors associated with comparing modern and historic topographic data. Butler (1989) directed research towards comparing historic topographic map data throughout Glacier National Park in support of geomorphic change mapping. His research concluded that gross topographic inaccuracies depicted in the historic map data used should prevent drawing conclusions of geomorphic processes from such comparisons, especially where elevations are concerned. In a response to Butler's conclusion, Morrison (1990) concedes the limitations of plane table mapping efforts of the historic topographers, but also reviews the issue of comparing data from different map scales. To avoid the errors that Butler encountered, with respect to map scale and accuracy, a thorough explanation of the source data used in this study and a discussion of historic and current mapping techniques is presented.
Historic Topographic Contour Data
The historical USGS topographic quadrangle that covers the study area is the 1899 Germantown 1:62,500 scale quadrangle with a 20 foot contour interval ( Figure  3 ). The topographic data presented on this map were constructed using the plane table surveying method, whereas recent topographic information is mapped using aerial photography. The accuracy of the plane table survey relied on a variety of factors including the landscape, distance from benchmark control, and mapping scale.
Landscape
Hypsographic contour lines are calculated from a triangulated network of points representing surveyed locations and their elevations. Topographic engineers mapped along straight line traverses from benchmark control points to establish a network of triangulated positions. The landscape determines where crews are able to map traverses. Detailed topographic relief can be difficult to map in areas highly dissected by streams with high bluffs (Beaman, 1928 
Benchmark Control
Traverses were mapped starting at benchmark control monuments within the quadrangle area. The potential of error in calculated elevation data within a traverse increases the farther a survey crew proceeds from a benchmark. Therefore, the location of benchmarks used for the historic survey is significant in understanding the parameters under which the original survey was conducted. Vertical and horizontal control points along railroad lines provided primary triangulation benchmarks for early surveys. Benchmark control for the 1889 survey ran along the New York division, the Schuylkill division and the Philadelphia, Germantown and Chestnut Hill branch of the Pennsylvania Railroad (Marshall, 1912) . Geodetic benchmarks for the survey of the Germantown quadrangle were originally measured by the U.S. Coast and Geodetic Survey and the City of Philadelphia. The stations and elevations used for the original survey are included in Table 2 and a map showing the approximate locations of these control points is shown in Figure 4 . (Gannett, 1889) . However, engraving and eventual publication did not occur until 1899. Later revisions updated cultural features leaving the original hypsographic contours unrevised until the 1950's. The scale of Natter's 1889 survey and compilation was at 1:45,000-scale, although the map was published at the scale of 1:62,500 (Gannett, 1889) .
Current Topographic Contour Data
Two 7.5-minute USGS topographic quadrangles (Frankford, Pennsylvania and New Jersey, 1997 with a 20 foot contour interval and Germantown, Pennsylvania, 1997 with a 10 foot contour interval) were used to furnish hypsographic contours for the current data set. These contours were created through the Table  2 . P.R.R. 68, P.R.R. 7 and P.R.R. 8 have been omitted from the map because they fall outside the map area. photogrammetric processes outlined in the USGS Topographic Instructions publications (Loud, 1952) . Major factors influencing the creation of modern hypsographic contour data include quality of aerial photography, benchmark control, and skill of the stereo plotter operator.
STATION
Mapping through the use of aerial photographs has largely replaced field surveys for topographic mapping. Aerial photographs in stereographic sets are used in association with a device called a stereo plotter. Photographs used with the stereo plotter usually have about 60 percent overlap along the line of flight (Avery and Berlin, 1985) . Photographs viewed through a stereo plotter develop a three-dimensional model of the area of overlap. The three-dimensional model of the map area is developed using ground control points collected in the field, which provide known locations of elevation. Variations in photographs due to aircraft flight characteristics, which include crab, drift, and tilt, are corrected and accounted for in setting up the stereo model. Several sets of aerial photographs need to be matched together to provide enough data for mapping an entire quadrangle.
Benchmark Control
Control points for the current Frankford and Germantown topographic quadrangles were surveyed by the USGS, the Coast and Geodetic Survey, and the City of Philadelphia and were used for the stereo plotter setup. These benchmarks are dispersed throughout the map area to account for distortions in the aerial photographs and to provide the best baseline elevations.
Photogrammetry
The stereo plotter allows a user to trace features seen in the three-dimensional view from aerial photographs. Skill is required to trace features using these manual stereo compiling machines. Successive advances in photogrammetric compilation equipment have made it easier for operators to trace information from stereo models. Traced features are later scribed onto separate map layers which form the basis for the printed map. A different map layer for each set of features is created. Examples of map layers include roads, railroads, hydrographic features, buildings and hypsographic contours.
Digitization of Historic and Recent Topography
USGS staff and contractors scanned and vectorized map layers for the historic and current topographic contour lines. Map separates were scanned by a high-resolution large-format scanner, vectorized, and imported into the GIS where they were edited and attributed.
GPS Control Points
A high-resolution global positioning system (GPS) survey was conducted for 21 points throughout the study area to assess systematic discrepancies in both historic and current digital elevation model data. GPS control points were collected using two Trimble Pro XRS GPS units under the carrier phase recording capability ( Figure 5 ). Positions were post processed and differentially corrected to the New Jersey Department of Environmental Protection (NJDEP) base station located in Trenton, New Jersey. This correction provides the highest possible vertical accuracy. Points were collected in undeveloped areas, avoiding locations that may have experienced human induced topographic change in the last 100 years. The GPS points collected by the USGS were combined with 26 survey ground elevation data points provided by the City of Philadelphia. The 47 ground elevation data points formed the control data set ( Figure 6 ). The comparison of control points to elevations was used to determine the relative accuracy of the historic and current hypsography. 
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Explanation of Spatial Correction of Historic Topographic Data
GIS analysis of control point locations detected vertical accuracy discrepancies in the historic topographic data set. Large differences in elevation between the GPS control points and their corresponding locations in the historic data set indicated misrepresentation of topography. Figure 7 shows an example of horizontal positioning error in the historical map data and the method used to correct it. The current DEM displays general topographic relief in shades from green to brown. Overlying the current DEM, in black line work, are the historic contours for the same area. The line drawn in blue represents the current thalweg of the stream valley (line of greatest slope along the valley floor) and in red is a line that shows the historic thalweg of the same valley. The historic contour data, in this example, varies in its representation of the valley from the expected location as defined by the shaded DEM. Points representing the location of thalweg intersections and height values along prominent contour lines are used to create linkages between the current and historic data features. Several hundred links were added to the historic coverage in areas of greater topographic relief in the western and northern parts of the study area where horizontal discrepancies were noted. Once all links were established, a localized stretch and fit function was used in the GIS to improve correlation of topographic highs and lows represented on both topographic data sets. Figure  8 shows an example of the results of this localized stretch and fit.
Topographic Change Methodology
The comparison of elevation data was done by first creating a digital elevation model (DEM) grid for each digital hypsography coverage. The values in the historic DEM were then subtracted from the current DEM. The product of this comparison is an output grid with values representing the difference in topography, either positive, negative, or no change (Figure 9 ). The GPS control points were again used to determine how accurately the interpolated DEM resembles the true topographic relief.
DEM Interpolation
The corrected historic contour data and the current contour data were used as inputs to the TOPOGRID command (ArcInfo GIS software) to produce viable DEM's. The TOPOGRID command uses an updated variation of the ANUDEM algorithm developed by Hutchinson (1989 Hutchinson ( , 1996 . In this technique, the gridding algorithm interpolates input elevation values from contour data and outputs a raster grid. Each grid cell is attributed with an elevation value. A 50 meter by 50 meter grid cell size was used for the interpolation of both the historic and current DEM's. Both the scale of the input data (1:62,500 and 1:24,000) and the difference in contour intervals across the current map quadrangles were considered in selecting the 50 meter cell size for the output grid. A 50 meter grid cell is appropriate for the regional level of analysis used in this study and should not be used for site-specific examination.
Interpolated data from the DEM's was compared to the GPS control points to develop an accuracy index of DEM to true landscape. The complete table showing the control and DEM elevations is provided in Table 3 . The mean difference of the control to the current DEM was 6.11 feet. The mean difference between the control and the historic DEM, was 9.13 feet. The current elevation data varied by a maximum of 21.03 feet and the historic elevation data varied by a maximum of 43.03 feet. The comparison of values helped to provide a confidence interval for the resulting grid analysis as well as targeting areas in the historic DEM where spatial correction was needed
Calculation of Topographic Change
The topographic change component of the model is a product of subtracting the historic DEM data values from the current DEM data values (Figure 9 ). The 
Hydrography
Historic streams, shown on maps of the City of Philadelphia and the USGS Topographic maps, are modeled to aid in assessing areas showing possible fill. Two different data sets were combined in the GIS to provide a data layer of historic streams. The first data set, provided by the ACOE, are of buried streams from within the Philadelphia city limits. Streams are shown in great detail and are derived from City of Philadelphia Water Department historic surveys and records. Hydrography from the 1899 Germantown quadrangle was used to augment this data set for areas outside the city. The 1899 Germantown coverage of streams was edited to retain only streams that appeared in the historic data set, but no longer appear on subsequent maps. The combination of these two historic streams layers formed a historic stream coverage for the entire study area.
Measurements from the GIS data of the study area yielded an average width of 50 meters on either side of a stream for the active stream channel of creeks and streams. Buffering the historic streams coverage by 50 meters in the GIS creates a map layer that represents the immediate channel of the streams. This buffer feeds into the grid algorithm outputting a grid that represents the stream channel of the historic streams.
Final Grid Analysis
Map grids representing topographic change and historic stream channels were combined to define areas of fill. The study of historic topographic change presented here utilizes a different methodology than that used in previous studies of topographic change. In light of the previous complications in assessing historic topographic change, actual depth of fill is not attempted in this study. In addition, a larger scale historic map is used and significant research has documented possible error propagation in both the historic and current data set.
Topographic comparisons between historic data and current data are done with caution, and with a thorough understanding of the inaccuracies that may develop. These inaccuracies have been addressed to provide the user of these data with a complete understanding of the limitations of drawing conclusions from such a study.
GUIDE TO INTERPRETATION OF THE TOPOGRAPHIC CHANGE MAPS
Plate 2 shows the results of the topographic change grid analysis presented above. The map shows a unique distribution of both possible and probable fill zones throughout the study area. Zones designated as possible or probable fill do not imply the occurrence of structural subsidence. The map does not show the depth of possible or probable fill, the origin or composition of the fill material or any engineering characteristics of sites located in or near fill areas. Rather, the map should be interpreted as an indication of areas that may have been physically modified through 100 years of Philadelphia's urbanization.
General trends shown in the fill map reflect linear features such as stream valleys and transportation infrastructure. Several historic stream valleys can be discerned in the map, including those for Wissinoming Creek, Little Tacony Creek and Wingohocking Creek. Other smaller creek beds and topographically low areas are apparent as well. Transportation features such as rail lines and interstate highways tend to coincide with fill areas. Graded slopes are important for the construction of roads and railroads and there may be a correlation with fill shown along these features. Interstate I-95, shown in the south eastern part of the study area, is an example of a transportation feature which shows possible fill located along its route.
Further studies using the map and analysis presented in this report should be undertaken. Investigations of particular areas of interest and their historical development would prove beneficial to explaining the spatial distribution of topographic change associated with urbanization. 
CORRELATION OF MAP UNITS
Trenton gravel of Lewis (1880) (Pleistocene) -Interbedded, cross-bedded sand and gravel with oblate pebbles and cobbles, and local clay and silty clay. Rare large boulders several feet long in places. Ranges in thickness from a feather edge at the northwestern contact to more than 100 feet. Forms a terrace which rises to about 60 feet above the Delaware River at the Tacony Bridge, where the unit is about 120 feet thick (Owens and Minard, 1979) . The pebbles are derived from Triassic red and gray shales, sandstones, and conglomerate, and other bedrock upvalley. Human artifacts (Lewis, 1880) suggest an age no greater than about 11,000 years for part of the unit, although Owens and Minard (1979, p . D38, D42) suggest a Sangamon age of approximately 100,000 years for their "Spring Lake beds" and younger "Van Sciver beds" of the "Trenton gravel". The unit is therefore probably a combination of Wisconsinan glacial outwash and older interglacial estuarine sediments. These sediments were incorrectly identified as the Potomac Group by the U.S. Geological Survey (1967b); Owens (1999) mapped the Potomac Group at much higher altitudes and approximately 10 miles north of the river.
Qt
Pensauken and Bridgeton Formations, Undifferentiated (Tertiary, Miocene) -Interbedded yellow, white, to reddish, commonly iron-stained, planar-to cross-bedded, variably sorted sand and gravel with minor clay and silt. Gravel may be cobbly and contain rare boulders as much as 6 feet long. Pebbles are mostly quartz, chert, and quartzite pebbles; granite and gneiss are less common, and shale, arkosic sandstone and diabase even less. The sand comprises predominantly quartz, with weathered feldspar, glauconite, and iron oxide as minor constituents. May be moderately cemented with iron oxide. Thickness reaches 50 feet in Philadelphia, but it is generally much less than that. The Pensauken and Bridgeton Formations, undifferentiated, form dissected flat terraces that rise from about 60 feet altitude, where it is in contact with the Trenton gravel, to about 120 feet in the main outcrop area of the formation. Small exposures in the northern portion of the map exceed 300 feet.
Tpb
Bryn Mawr Formation (Tertiary, Oligocene?) -White, yellow, and brown gravel and sand with local silt and clay, commonly cemented with iron oxide. Clasts are composed of quartz and quartzite and are not more than 5 inches long. The Bryn Mawr occurs in isolated upland terrace remnants between 200 and 400 feet altitude. It is no more than about 30 feet thick.
Tbm
Potomac Formation (Upper Cretaceous) -Variegated, thickbedded clay, sandy clay, sand, and gravelly sand. Local gravel beds, especially near the base. Sand beds are cross bedded and planar bedded and comprise mostly quartz, with lesser feldspar and mica. Gravel consists mainly of quartz and quartzite. The clay beds are lenticular and kaolinitic, and siderite pellets are locally abundant. Thickness ranges from 0 to 150 feet thick, but appears to be no more than 20 feet thick in the map area. The Potomac Formation is exposed in small areas in the northern part of the map at altitudes of about 300 feet.
The Potomac Formation was suggested for use in Pennsylvania by Owens (1999) as a substitute for the Patapsco and Raritan Formations in Pennsylvania.
Kp
Diabase -Dark-gray to black, fine-to coarse-grained diabase dikes composed largely of plagioclase and augite. Surrounding rocks may be thermally altered.
Jd
Stockton Formation (Upper Triassic) -Light-to medium-gray and light-yellowish-gray, thin-to thickbedded, fine-to coarse-grained, feldspathic sandstone, arkose and arkosic conglomerate with pebbles of quartz, quartzite and metamorphic rocks; grayish-red to moderatereddish-brown, and light-to medium-gray siltstone and shale; and grayish-red to reddish-brown , thin-to thickbedded, very fine to medium-grained, arkosic sandstone, generally fining upward with abrupt lateral lithic changes.
Trs
Pegmatite -Coarse-grained quartz, feldspar, and mica in veins Op Conestoga Limestone (Lower Ordovician to Middle Cambrian)--Very light-to medium-gray, fine-to coarsegrained, thin-bedded, medium-bedded at base, impure (highly micaceous) limestone and minor shale; phyllitic in places with argillaceous partings parallel to regional cleavage; local dark-gray, fine-grained, thin-bedded dolomite in lower part. Lower contact probably unconformable. Maximum thickness of about 750 feet.
Elbrook Formation (Upper and Middle Cambrian)--Lightgray, laminated to thin-bedded, siliceous, fine-grained, phyllitic limestone and lesser dolomite which weathers to a shaly, lightyellowish-brown carbonate rock. Interbedded with creamcolored to pure-white, fine-grained, thin-bedded, laminated dolomitic marble. Concentrations of mica are left as a pressuresolution residue parallel to regional cleavage. The lower contact is gradational. The thickness is approximately 800 feet.
Ledger Dolomite (Middle Cambrian)--Light-to medium-gray, thin-bedded to massive, coarse-grained, high-magnesium dolomite with some siliceous beds which weather to rust-stained, granular, cherty layers and interbedded laminated limestone that weathers to a rough granular surface. The lower part of the unit is characterized by alternating light and dark layers and porous, cherty layers. Weathers to a characteristic light-yellow, earthy soil. Lower contact is gradational. Thickness is approximately 1,000 feet.
Chickies Quartzite (Lower Cambrian)--Upper part consists of gray, medium-grained, laminated to medium-bedded and massive, cross bedded, vitreous quartzite and fine-grained, thin-bedded, feldspathic quartzose schist, conglomeratic at base. Lower part consists of gray, coarse-grained, tourmaline-bearing quartzite, arkosic-pebble conglomerate, and black slate and biotite schist, Lower contact unconformable. Thickness about 1,000 feet Amphibolite (Cambrian and Late Proterozoic)--Fine-to coarse-grained, "salt and pepper"-textured, hornblende-plagioclaseepidote-bearing amphibolite, epidote amphibolite, and well-foliated metagabbro, with minor magnetite in discontinuous layers, lenses and pods.
Serpentinite (Cambrian and Late Proterozoic)--Serpentinite
and related ultramafic rocks in highly sheared tectonic lenses, pods, and slivers with abundant actinolite and chlorite. Forms a thin poor soil.
WISSAHICKON FORMATION (Cambrian and Late
Proterozoic)--Medium-to dark-gray to black, brownish-gray to slightly rusty weathering, medium-to coarse-grained, aluminous, quartz-feldspar-biotite-muscovite schist, garnetiferous in places, feldspathic metagraywacke with thin interbedded amphibolites, and lenses and pods of altered ultramafic rocks. Thickness is difficult to determine because of folding, but possibly as much as 2000 feet thick. Contact with the Swarthmore Granodiorite (Osg) is probably a back-thrust fault bringing the Wissahickon south over the granodiorite. The upper surface of the Wissahickon in commonly chemically weathered to saprolite, consisting of soft decomposed clayey, silty, and sandy material that preserves the original structure of the parent rock. It may reach more than 50 feet in thickness (Fergusson, 1988) .
Amphibolite (Middle Proterozoic)--Medium-to coarse-grained, very dark gray to black, hornblende-plagioclase schist and gneiss with accessory hypersthene, magnetite, epidote, zircon, pyrite and sphene. Probable protoliths are sedimentary, generally associated with calcareous schists and gneisses, and igneous, associated with both metaplutonic and metavolcanic rocks Amphibolitic migmatite and related hybrid rocks--Interlayered quartz-orthoclase-biotite-hornblende gneiss, with accessory epidote, titanite, staurolite, and augite, garnetiferous in places, and amphibolite. In places grades into a gray gneiss of intermediate composition.
Swarthmore Granodiorite (Ordovician)--Mediumto coarse-grained, generally massive, microclineoligoclase-quartz-biotite-muscovite gneiss with accessory epidote, sphene, and apatite, and associated migmatite, granulite, and amphibolite. The contact between the Wissahickon Formation (CZw) and the Swarthmore is characterized by a series of replacement textures. However, a thrust fault brings the Wissahickon south over the granodiorite, further complicating the relations between these units 
DESCRIPTION OF MAP SYMBOLS
268.15
GPS Ground Elevation -Global Positioning System (GPS) ground control elevation points collected by the U. S. Geological Survey and the City of Philadelphia. These elevations form the control network used to evaluate digital elevation model (DEM) interpolation and subsequent grid analysis.
It is important to note that the exact location of the fill, its total thickness or depth, its engineering characteristics, and nature of ground-water movement need to be ascertained to judge the potential for subsidence or settling of the ground. Zones designated as possible or probable fill do not imply the occurrence of, nor the potential for, structural subsidence. The map does not show the depth of possible or probable fill, the origin or composition of the fill material or any engineering characteristics of sites located in or near fill areas. 
